A collection of Laminariales species was made with examples in each of the presently recognized families of the order. Extracts of each species were examined for betaines, using primarily 1 H NMR spectroscopy for their identification. Glycinebetaine was detected in all species tested and would appear to be a consistent feature of the Laminariales. γ-Aminobutyric acid betaine was found in all species of Laminaria examined and in three of the five Saccharina species (family Laminariaceae), but was not detected in species of either other genera of the family or in those of other Laminariales families. Trigonelline was found in some Laminaria and Saccharina species, as well as in the north Pacific species Postelsia palmaeformis (Laminariaceae), Pseudochorda nagaii (Pseudochordaceae) and Akkesiphycus lubricus (Akkesiphycaceae).
Recently, we detected trigonelline in extracts of the kelps Laminaria digitata and L. hyperborea (family Laminariaceae) [1] . Although trigonelline is probably the most widely distributed betaine in higher plants [2a, b] , it had not been previously recorded for marine algae, although betaines are very common constituents of them [3, and references cited therein] . Betaines have been shown to be of taxonomic value for higher plants [for example, 4a] and marine algae [for example, 4b, c] . As a result, it was considered to be of interest to determine whether trigonelline was a constituent of not only other species of Laminaria, but also of species in other genera of the Laminariaceae, as well as of genera in other families of the kelp order Laminariales.
Species representing each of the presently recognized families of the Laminariales (Table 1) were obtained. Each dried seaweed sample was extracted with aqueous methanol, the extract semipurified by passage through a column of cation exchange resin, and then examined by 1 H NMR spectroscopy. The content of each betaine identified in the semi-purified extracts was determined using a 1 H NMR spectroscopic assay procedure [5] .
Glycinebetaine was clearly identified in all the species examined, with the exception of Undaria pinnatifida and Laminaria setchellii. However, in the 1 H NMR spectra of the semi-purified extracts of both of these, a signal was observed at the correct position for the N-CH 3 resonance of glycinebetaine, but the small CH 2 proton signal, if present, was hidden in the 'background noise' of the spectra. It is for this reason that in Table 2 the presence of glycinebetaine is listed as uncertain for these two species. This betaine has been previously recorded by us for L. digitata, L. hyperborea, Saccharina latissima (as Laminaria saccharina), Chorda filum and Alaria esculenta [7] . γ-Aminobutyric acid betaine was recorded for all five species of Laminaria examined, and for three of the five Saccharina species. However, in the case of L. pallida stipe, L. sinclairii, and both samples of L. setchellii, identification was uncertain and was based on partial 1 H NMR spectroscopic data only, with some signals hidden in the 'background noise'. The betaine contents of all the species of Laminariaceae were low and it is perfectly feasible that γ-aminobutyric acid betaine was present in the other two Saccharina species, but at levels too low to be detected by the 1 H NMR spectroscopic procedure used. γ-Aminobutyric acid betaine was first recorded for Laminaria digitata, L. hyperborea and Saccharina latissima (as L. saccharina) in 1982 [7] .
Trigonelline was clearly detected in the 1 H NMR spectra of the semi-purified extracts of only three of the five Laminaria and three of the five Saccharina species tested, as well as in Postelsia palmaeformis, Pseudochorda nagaii and Akkesiphycus lubricus. As, NPC Natural Product Communications 2012 Vol. 7 No. 7 863 -865 864 Natural Product Communications Vol. 7 (7) 2012 Blunden et al. nd nd GB = glycinebetaine; γ-ABAB = γ-aminobutyric acid betaine: TRIG = trigonelline; nd = not detected (less than approx. 0.002%); + = identification uncertain, based on partial 1 H NMR spectroscopic data only stated for glycinebetaine and γ-aminobutyric acid betaine, it is possible that trigonelline was present in other of the tested species, but was present in amounts too low to be detected using the described method.
In conclusion, it is probable that glycinebetaine is a feature of all Laminariales species. γ-Aminobutyric acid betaine was recorded only for Laminaria and Saccharina species, as defined by a multi-gene molecular phylogeny [8] , indicating the close relationship of these two genera.
Experimental
Algal materials: The species investigated, and the dates and places of their collection are listed in Table 2 . Representative samples of some of the examined species are lodged in the Herbarium of the Hampshire County Council Museums Service, Winchester, UK
